N-acetyl-aspartyl-glutamate and inhibition of glutamate carboxypeptidases protects against soman-induced neuropathology.
N-acetyl-aspartyl-glutamate (NAAG) is the most abundant neuropeptide in the mammalian brain. In a variety of animal models of brain injury, the administration of NAAG-related compounds, or inhibitors of glutamate carboxypeptidases (GCPs; the enzymes that hydrolyze NAAG), were shown to be neuroprotective. This study determined the impact of the administration of three NAAG-related compounds, NAAG, β-NAAG (a NAAG homologue resistant to degradation), and 2-phosphonomethyl pentanedioic acid (2-PMPA; an inhibitor of GCP enzymes), on the neuropathology that develops following exposure to the nerve agent, soman. When given 1 min after soman exposure, NAAG-related drug treatments did not alter the survival rate or body weight loss seen 24 h after rats were exposed to soman. Likewise, brain levels of both NAAG and its metabolite, N-acetyl-aspartate (NAA), were substantially decreased 24 h after soman, and in particularly vulnerable brain regions the drug treatments were unable to attenuate the reduction in NAA and NAAG levels. Histochemical study indicated there was a dramatic increase in Fluoro-Jade C (FJC) staining, indicative of neuron cell death, 24 h after soman exposure. However, in the amygdala and in the entorhinal and piriform limbic cortex, which sustained severe neuropathology following soman intoxication, single or combined injections of NAAG compounds and 2-PMPA significantly reduced the number of FJC-positive cells, and effect size estimates suggest that in some brain regions the treatments were effective. The findings suggest that NAAG neurotransmission in the central nervous system is significantly altered by soman exposure, and that the administration of NAAG-related compounds and 2-PMPA reduces neuron cell death in brain regions that sustain severe damage.